The recent reports of two cases of paragonimiasis in man in Africa, where species of the molluscan genus Melania abound, indicated the potential value from a public health point of view of surveys of the crustaceans in that continent.
In examining Crustacea for the larval stages of helminth parasites of man it was essential that the frequency with which these Crustacea acted as intermediate hosts of parasites of other vertebrates should be constantly borne in mind.
Discussion.-Mr. ARTHUR BLOK said he lhad been informed that peasants in Europe were known to eat the mitten crab, and he wished to ask Professor Leiper if he knew whether any of the European fresh-water mollusca were likely to serve as intermediate hosts, in place of the melanid mollusc, to the lung fluke Paragonimus westermanni. The MelanidEe were rare west of Syria and Palestine, excepting certain species of Melanopsis, which were common in Spain, and it would be interesting to know if any experimental work had been done, for example, on such genera as Physa, Limnea or Neritina with a view to ascertaining the possibility of their acting as hosts to the parasite. If they should, in fact, be found to act as a medium of transmission, a more sinister potentiality would be added to the undesired mitten-crab than its already bad record of damage to the banks of rivers and canals.
Professor LEIPER (in reply) pointed out that no species of the genus of Mollusca to which the first intermediate host belonged had yet been reported in Europe and that Molluscan intermediate hosts, in which the essential larval metamorphosis occurred were much more specific than the second crustacean intermediate hosts. Further, infected crabs and crayfish had to be consumed raw; while a considerable introduction of persons infected with the adult worm would be necessary to start the infection even if a widespread endemic species of inolluse should prove to be an efficient carrier. The probability of this was extremely remote. The Americans had prohibited the immigration of Asiatics suffering from lung-fluke infection into California, but this precaution was probably a measure of political rather than parasitological significance. In this country the sale of certain kinds of molluscs unless previously boiled was prohibited, and certain areas were from time to time put out of bounds as collecting grounds. The suspicion with which inquiries for unboiled molluscs were received by fishmongers in London and the difficulty confronting teachers in obtaining such material for parasitological demonstration was a strong testimony to the effectiveness of this administrative control. Similar precautions could probably be enforced if, and when, necessary to control of the sale of those Crustacea known to convey lung-fluke disease.
Some Recent Developments in Helminthology
By B. G. PETERS, M.Sc., Ph.D. THE medical aspects of helminthology, whether in clinical diagnosis, treatment, prevention, or pathology, are closely bound up with the biology of parasitism, dealing with the life processes of the parasite and their intricate counterplay with those of the host. To one quite unqualified to discuss the former, it has seemed possible that a survey of recent developments in the biological field might be of some interest. Even restricting attention to the published literature of the past few years, however, the field is very wide and heterogeneous, so that selection becomes imperative. While the bilharzia worms, hookworms, and filarial worms quite properly occupy the centre of the stage in human helminthology, it has nevertheless seemed that both variety of interest, and something like coherence, might be achieved by confining attention mainly to the cestodes, upon which so much recent biological work has been done.
To restrict a survey of this kind rigidly to the cestode parasites of man would seriously distort the resulting picture. The experimental biologist selects whatever material is most convenient to his purpose, and man, as host to a helminth, does not always lend himself readily to such experimentation. It is therefore hoped that the word "parasitology" in the title of this Section is sufficiently elastic to include other than human parasites, if they can be shown to shed some indirect light on the problems of human disease.
LIFE-HISTORY ANOMALIES
The life-histories of many of the commoner tapeworms of man and the domesticated animals are known in detail. They usually conform to a definite scheme, with larval stages in one or more intermediate hosts and the adult stage in the definitive host. Thus, in the Bothriocephalus group, Dibothriocephaluts latus is adult in man and more rarely in dog and some other mammals, to which the pig should be added on the authority of Tarassow [59] . The second intermediary is invariably a fish. In the related species Dibothriocephalus mansoni, the second intermediary is never a fish but may be a reptile, amphibian, bird or mammal, occasionally man. This larval stage, Sparqanum mansoni, has not hitherto been found in the dog, which is the definitive host for the adult tapeworm. In the course of maintaining the life-cycle for teaching purposes at the London School of Hygiene and Tropical Medicine, Professor Leiper has, from time to time, fed infected cyclops to mice, and spargana from infected mice to dogs. After the death of one of these dogs, which had for some years harboured adults in the intestine, examination showed that, while the adults had been expelled shortly before death, there were three specimens of Sparganum mansoni in the axillary tissues. In the circumstances, the only possible explanation is that, while some of the spargana fed had normally become adult in the intestine, others had penetrated the wall of the alimentary canal and continued to live as spargana in the tissues, thus treating the dog as an intermediate instead of a definitive host. If this can occur in the definitive host, it may also be a possible infection-route in man.
A closely similar event has been reported by Joyeux and others [24] for a 4-suckered tapeworm of carnivores, Mesocestoides. The larval forms, called tetrathyridia, when fed to dogs and cats, give rise partly to adult tapeworms in the intestine and partly to tetrathyridia in the body cavity. From the work of Joyeux and Baer [23] it is seen to be only the scolex, normally invaginated in the more or less solid body of the larva, which penetrates the intestine, subsequently forming a new larval body. These authors were also able to induce the same process of re-encystment with another 4-suckered tapeworm larva, Diplopylidium acanthotetra. This, of course, is a totally different process from the infestation of man with Cysticercus cellulosae, in which the cy sticerci are derived from eggs. Human cysticercosis has received considerable publicity lately, and it will be sufficient here, perhaps, to refer to a useful summary of the disease by General Mac Arthur [27] .
More closely analogous to re-encystment is the behaviour of hydatid scolices, set free in the body cavity of the intermediate host by the accidental or surgical rupture of a hydatid cyst. As is well known, such scolices, designed by nature to become tapeworm heads in the intestine of the dog, will under these circumstances grow into daughter cysts instead. Recently, Bacigalupo [7, 8] has administered hydatid scolices, both per os and per anum, to rabbits and guinea-pigs, and has found, as a result, hydatids developing not onlv in the peritoneum but also in liver and lungs. It is estimated that more than 10% of liver hydatids communicate with the bile ducts, and this author points out that the peritoneal infections which often accompany such cases may well be explained by his experiments: the scolices presumably travel down the bile duct to the intestine and penetrate its wall. This process is not known to occur in the definitive host, the dog, so that it is not quite equivalent to the cases mentioned above, Mesocestoides larvae in the body cavity of dogs and cats and the one case of Sparganum mansoni in a dog.
RESISTANCE TO DIGESTION
When the egg or infective larva of a helminth is swallowed by its appropiate host, it is obviously able in some way to resist the digestive ferments of the host. It has been supposed that the parasite is able to produce anti-ferments and to protect itself in this way. The nematodes secrete a cuticle, the chemical nature of which is not yet fully understood, and this must play an important part in their protection. But, from a recent histological study by Pintner [54] , it would appear that the cuticle of at least some adult tapeworms is not a secreted layer but merely a modification in the plasma at the outer ends of the so-called subcuticular cells. So far as the tapeworms are concerned, some light has been thrown on resistance to digestion in a series of papers by De Waele [10] [11] [12] [13] [14] . He has interested himself in the two phases of the life-cycle where this problem is presented: the hatching of the egg and resistance of the released embryo in the alimentary canal of the intermediary, and the digestion of the cyst and resistance of the released scolex in the alimentary canal of the definitive host. His material has been almost exclusively drawn from the genus Taenia: T. saginata adults and eggs, Cysticercus pisiformis from the liver and mesentery of rabbits (the larva of T. pisiformis adult in the dog), and the manybeaded cyst Cefnurus cerebralis from the brain of various animals (the larva of T. multiceps, also adult in the dog). Briefly, he has found that the cuticle of adults and cysts and the thick shell around the eggs are completely resistant to intestinal juices alone, and (to a varying extent) to gastric juice alone; but all are readily digested by successive exposure to gastric and intestinal juices, in either order. The adult T. saginata, successively exposed to acid and alkaline solutions of appropriate reaction, is quickly digested by pancreatine.
This mechanism works as follows. When the egg is swallowed by the intermediate host, the thick shell becomes acidified in the stomach but, remaining intact, protects the contained embryo from acidification. The shell is composed of numerous minute rods packed together radially. In the intestine these rods fall apart, but the released embryo is not digested. But if embryos are artificially hatched in this way and are then taken back through gastric and intestinal juices they are immediately digested. De Waele suggests that if the intermediary swallows an intact living segment full of eggs, only the cuticle of the segment will receive the acid bath. So that, when the segment reaches the intestine, it alone will be digested and the released eggs will fail to hatch.
Turning now to the definitive host, who swallows a cysticercus in which the scolex is invaginated, the cyst wall will, like the egg shell, both receive the acid bath itself, and protect the contained scolex, so that in the intestine only the former will be digested. There is a complication at this stage, for the scolex must be evaginated, bringing the hooks and suckers to the outside, before it can anchor itself to the gut wall. De Waele records [12] that, while some cysticerci will evaginate slowly and irregularly in physiological saline at a reaction above pH 6-0, evagination is completed within 20 seconds if a little bile is added. He finds that the bile salts are the agents responsible, the cholate radicle being the active factor. As would be expected, artificially evaginated scolices are completely digested by successive passage through gastric and intestinal juices.
This author has noted that, while each of the scolices in a ccenurus is simply invaginated, the invagination in Cysticercus pisiformis is very complicated and might be spoken of as a triple invagination. It has not been mentioned by him, or by most writers of textbooks, that Cysticercus boris has a simple invagination like that of one of the heads of a coenurus, whereas C. cellulosw is complex and is, in fact, morphologically similar to C. pisiformis. The cysts with complex invaginations are more effectively protected from gastric juice during their passage through the stomach.
Why will a given parasite live only in one host, or in a restricted group of hosts ? This problem of specificity receives only a partial solution from De Waele's work.
In his experiments on the artificial hatching of Tamnia saginata "eggs he found that hatching could be induced by the digestive juices of a number of mammals, but not by those of the pigeon, frog, or snail. Thus it is a group reaction. Further specificity within the group is presumably determined by the blood and tissues of the intermediate host. In the case of the definitive host even less is known. There is a bare hint in the fact that he found glycocholate to be toxic to Cysticercus pisiformis, and this substance is not found in the dog, the definitive host.
A final suggestion thrown out by De Waele is that his method forms a useful technique in investigating the life-histories of tapeworms; the eggs can be observed under the influence of digestive juices from the supposed intermediary. There is a family of 4-suckered tapeworms, the Anoplocephalida3, containing several important members in the domesticated animals and one genus, Bertiella, rarely in man (human infections have been recently reported by Adams and Webb [1] and by Africa and Garcia [21) . It is a curious fact that the life-histories of all the many species in this family are unknown, in spite of numerous careful investigations. De Waele exposed the eggs of one of these, Moniezia benedeni from sheep and cattle, to the digestive juices of several vertebrates and invertebrates, without inducing them to hatch.
De Waele's discovery that all cestode tissues are digested when exposed successively to gastric and intestinal juices has apparently led him to suggest that anti-ferments are not involved in protecting the worms from digestion. But it would still be necessary to explain why at least the adult worms are not susceptible to tryptic digestion during their prolonged sojourn in the small intestine. Harned and Nash [21] have demonstrated both an anti-trypsin and an anti-pepsin in waterextracts of ascaris. McCoy [29] , in a useful review of helminth physiology, cites a paper by Fetterolf [17] in which anti-ferments were described from T.enia saginata. It would seem more likely, therefore, that tapeworms produce at least an antitrypsin but that this is inactivated by the gastric juice of the host.
METABOLISM
It is obvious that the tapeworms, having no alimentary system at any stage in the life cycle, must absorb the necessary food substances from the surrounding host fluid, whether chyle or serum. What is less obvious is the way in which they obtain energy from the absorbed nutriment, whether by oxidation or by some anaerobic process. It has long been known that those helminth eggs which undergo a necessary development outside of any host must have oxygen. Without it, they may survive for a considerable period, but development is suspended. It is true that the amount of oxygen required may be very small. McCoy [28] , working with dog-hookworm eggs, found that an oxygen tension corresponding to an atmosphere containing only 1-4% oxygen was sufficient for normal development. But the indications are that the free-living stages of helminths are probably aerobic in their metabolism. With the adult worms living in the intestine the circumstances are altered. There would appear to be very little oxygen, if any, in normal chyle. Nevertheless, Friedheim and his co-workers [18 and 191 have measured manometrically the respiratory activities of eggs, plerocercoids and adults of Dibothriocephalus latus and have found that all stages absorb oxygen, and to an increased degree in the presence of glucose. The oxygen uptake increases with temperature to a maximum at 370 C. and then falls rapidly [19] . An atmosphere containing 95% carbon monoxide had no JULY-TROP. Dis. 2 *. inhibitory effect and, whilst with eggs and larvae M/1,000 potassium cyanide inhibited absorption, in the case of adults it was only partly inhibited by M/100 potassium cyanide [18] . Harnisch [22] , working with a tapeworm from fish, Triainophoruts nodulosus, also found that oxygen was absorbed. Absorption was proportional to the partial pressure of oxygen in the surrounding medium. But the curious fact was that the amount of carbon dioxide excreted bore no relation to the amount of oxygen absorbed. At a given partial pressure of oxygen, the amount absorbed decreased fairly regularly over a period of hours and this led Harnisch to suggest that the oxygen was being used to satisfy a debt, by oxidizing substances formed in an essentially anaerobic type of metabolism.
Brand [9] has approached the problem from a different angle. Finding that he was able to culture the sheep tapeworm, Moniezia expansa, for at least six hours in Ringer's solution, he has made chemical analyses of the worms as removed from the sheep's intestine, and of worms and surrounding medium after six hours' culture. Moreover, he cultured part of his material under starvation conditions in Ringer's, and part in Ringer's + 5% glucose. The determinations made were glycogen, ether-soluble bodies, nitrogen, and carbon dioxide in the case of tne worms, and total acidity, lactic acid, succinic acid, and ether extract in the case of the medium. His findings are that metabolism is anaerobic.
Fats have frequently been noted in helminths, and it has usually been assumed that they represent food reserves. But, in Brand's view, they are excretory products, at least in the present case. The fats are derived from the anaerobic decomposition of glycogen, a process releasing energy which can thus be utilized by the worm.
Starvation culture results in a considerable decrease in glycogen while the fats remain about constant Under glucose culture the glycogen still decreases, but to a less degree, while the fats show a slight increase. In either case the medium contains, after culture, higher fatty acids, lactic acid and succinic acid, the latter being difficult to account for. The lactic and higher fatty acids represent decomposition products of glycogen, part of which are exereted and part deposited as fats in the tapeworm segment. The carbon dioxide excreted remains the same under both cultural methods. Incidentally, Brand found that the "chalk bodies'" universally found in the Cestoda were composed, in iMoniezia expansa, of carbonates and phosphates of calcium and magnesium.
If fats gradually accumulate in a tapeworm segment it might be expected that they would show an increase in the older segments towards the posterior end of the chain. As it happens, preliminary chemical analyses of anterior, middle, and posterior portions of adult Tania saginata have recently been published by Smorodinzew and Bebeschin [57] . These show, however, that the anterior portions gave the highest value for lipoids. It is possible that fat-deposition is only temporary. If so, two further points might be considered: (1) the metabolic rate is presumably higher in the younger segments; and (2) in Toenia, the posterior segments are little more than sacs of accumulated eggs. Taking these into account, the result mentioned does not necessarily conflict with Brand's theory.
One difficulty in experiments on the metabolism of adult tapeworms is the practical impossibility of excluding bacteria. This difficulty should not arise in the case of cystic larva living outside the alimentary tract. The fluid that is found inside a cysticercus or hydatid is invariably sterile during the life of the cyst, provided the cyst is perfectly intact (as not all hydatids are; some in the liver and lungs communicate with bile ducts and bronchi). Schopfer [56] has investigated the cystic fluid and surrounding host fluid of the large Cysticercus tenuicollis found in the liver and mesentery of sheep and other ruminants. From a number of physical and chemical determinations, including the cryoscopic measurement of the molecular concentration of electrolytes, he has found that the molecular concentration of Section of Tropical Diseases and Parasitology cystic fluid is identical with that of sheep's blood. But the chemical composition of the two fluids is very different. In other words, the wall of the cysticercus is a selective, semipermeable membrane. Compared with 'sheep's blood, the cystic fluid is poor in proteins and rich in chlorides and carbohydrates. Schopfer concludes that the latter, rather than proteins, are used by the parasite as a source of food. Set alongside of this, perhaps rather inconsequentially, the discovery of glycolytic enzymbs in hydatid fluid by Lemaire and Ribere [261, and one is almost persuaded that the larval tapeworms also utilize a metabolism based on the decomposition of glycogen.
IMMUNITY
The innate immunity displayed by animals towards helminthic parasites constitutes a complex problem upon which very little work has been done. Although some species of worm are restricted to a single species of host, others can parasitize a group of hosts: and the members of such a group are often not closely related zoologically. Thus, man appears to share few helminths with the other Primates: among the cestodes Bertiella studeri may be instanced. Man shares a number of helminths with the dog, including the tapeworms Dibothriocephalus latus and Dipylidium caninum. One might be tempted to postulate some physiological affinity between dog and man. But then, of the two species of Tenia in man and the eleven species in the dog, none is common to both hosts, while on the other hand man shares the two Hymenolepis species with rodents such as the rat and mouse. In the face of such anomalies, postulates appear at this stage to be vain. The phenomenon of " age immunity" may be mentioned here, although the clearest example of it concerns a nematode, Syngamus trachea, parasitic in the trachea of turkeys and other birds. In the turkey the worm can be found in old and young birds alike. In the chicken, however, it occurs only during the first six weeks of life. Sandground [551 suggests that such age immunity is shown only by abnormal hosts which, at an early age, have not yet perfected their defence mechanisms. The point to stress is that this is a type of innate immunity, since it is independent of prior infection.
In the sphere of acquired immunity many more facts are available, based on a number of different helminths. Rather than collect scattered, unrelated instances, it may be preferable to concentrate on a single tapeworm, Taenia teniseformis. This. parasite lives as an adult in the intestine of the cat. The larval stage, called Cysticercus fasciolaris, is an elongated, tapeworm-like organism with a very small terminal cyst living in the liver and abdominal cavity of rats and mice. The phenomenon of acquired immunity to [37] that rats harbouring one or more larvae completely resisted superinfection, attempted by feeding eggs.
Later [50] he succeeded in removing the larvae surgically, and showed that the acquired immunity persisted for more than sixty days after the operation. Next, he demonstrated [391 successful artificial immunization by introducing into the bodycavity of rats any one of the following substances: (i) Fresh Tania teniaformis material (adult) which had been frozen for three months; (ii) powdered adult worm from which the lipoids had been extracted; (iii) fresh Cysticercus fasciolaris material. The immunity thus acquired persisted up to 167 days after the last immunizing injection. He was not successful on this occasion in producing immunity by the intraperitoneal introduction of powdered material of a related tapeworm, Tawnia pisiformis (adult in dog, larval stage in rabbits). However, he succeeded later [41] Proceedings of the Royal Society qf Medicine by using fresh material of Twnia pisiformis. In the same paper he records failure when using powdered material of the following tapeworms: Dibothriocephalus latus, Tlnia saginata, Hymenolepis sp. and Dipylidiuim sp. In a recent paper [44] he claims to have given partial protection to rats with Tenia saginata or Hymenolepis, but not with Dibothriocephalus or Dipylidiurn, by either the oral or the intraperitoneal route.
The above experiments all relate to active immunity. In each case the parasite, or part of it, was introduced; either the larval stage, or the adult stage, or a related species of parasite. Four further papers [42, 46, 47, 48] , relating to passive immunity, may be considered together. They show that the intraperitoneal injection of serum from infected rats can give complete immunity. The serum from rats artificially immunized (with a suspension of powdered material of the adult tapeworm), was less satisfactory, conferring only partial immunity. As might be expected, this passive immunity is of shorter duration than the active, lasting between twenty-six and thirty-six days. To be effective, the protecting injections must be given within nine days after feeding eggs to the rats. Miller points out [43] that at the age of 9 days the young cysticerci are not yet walled off by the reaction-tissue of the host, a process which sets in at about this time. A further paper [49] relates the protective power of the serum to the degree of infection in the donor.
Finally, two papers [40 and 45] effectively demonstrate that passive immunity can be inherited by young rats from actively immune mothers. The first records an almost complete immunity, lasting about six weeks, in the young of infected or naturally immune mothers, and the second a partial immunity in the young of artificially immunized mothers. In the second case, better results were obtained in the offspring from the immunization of the mother rats with tapeworm eggs than with powdered adult tapeworm.
To sum up this section, Miller's work on acquired immunity in relation to Tania toenieformis seems to show quite plainly that we have to do with an antigenantibody mechanism closely similar to those studied by the bacteriologist. The mechanism is revealed in the form of active immunity, whether naturally or artificially induced, and in the form of passive immunity, both congenital and artificial. It is not altogether surprising that it shows itself in the case of the larval somatic infection, and not in the case of the adult intestinal infection.
-One point of special interest is the successful active immunization with non-specific antigens. This recalls the group reactions so often found in helminthic immunological tests, of which a typical example is the complement-fixation reaction in the genus Schistosoma. The work of Dr. Hamilton Fairley, briefly summarized in 1933 [16] , has shown that seven species of Schistosoma provoke in their respective hosts the formation of antibodies, all of which will react to one antigen, prepared by extracting with alcohol the livers of snails infected with the cercarial stage of S. spindale.
IMMUNOLOGICAL REACTIONS
There have been few recent papers relating to immunological reactions in tapeworms, though the well-known Casoni intradermal test, used in the diagnosis of hydatid infections, has received some attention. This is a reaction of the allergic type, in which a positive reaction indicates infection, hydatid fluid being used as antigen. Morenas [51] and also Nuniiez and L6pez [53] find that it is a groupreaction for at least the genus Tania (in the broad sense). Thus, whilst probably any tfenia will serve as a source of antigen, a positive reaction will be correspondingly ambiguous. Morenas [51] describes the usefulness of the reaction in cerebral cysticercosis and suggests the cyst fluid of Cysticercus tenuicollis as antigen. According to Turner, Dennis, and Berberian [64] the reaction is of no value in diagnosing Tania echinococcus, the adult stage of hydatid, in the dog. The complement-fixation reaction is also a group reaction among the tenias, according to Nilfiez and Lopez [52] . It lhas, however, been found valuable by K. D. Fairley and Kellaway [151, in diagnosing residual infections of hydatid after the main cyst has been removed by operation. The Casoni test is valueless for this purpose, useful though it is in first infections, since it continues to snow positive after the removal of the parasite.
Considerable importance attaches to the use of immunological tests in the diagnosis of Trichinella spiralis infections, in both man and animals. Epidemics of trichinosis still occur from time to time on the Continent, and it would appear from recent unselected post-mortem examinations made in New York State, Massachusetts and Minnesota, that about 17% of the population in those areas is infected [58] . The great majority of these cases were undiagnosed during life, owing mainly to the mild course of the disease and to the difficulty of finding unambiguous symptoms.
Diagnosis in the pig is usually left to the meat inspector; in Germany and some other countries there is a separate " Trichina-inspection," involving the microscopic examination of numerous meat samples from each pig, which is compulsory, and very costly.
In 1928 Bachman [41 showed that positive precipitin reactions were obtainable with either infected or imrrmunized laboratory animals. Earlier workers had failed, probably because they used extracts of infected muscle as antigens. Bachman used extracts of the isolated parasite. Carcasses of animals, infected three or four weeks earlier, were ground up and submitted to peptic digestion. The isolated larvae were washed, dried, and pulverized. After extraction witlh ether, the ether-insoluble residue was in turn extracted with acidified physiological saline and this extract filtered and neutralized. In the precipitin reaction the diluted antigen is carefully floated on the serum uncder test in a tube. The formation of a white precipitation ring between the two fluids is taken to indicate the presence of antibodies in the serum. The disadvantage of the precipitin test, Bachman found, was that it did not give a positive result in infected animals until about thirty (lays after infection; in human infections the patient would have recovered, or would be dead, by this time. Failing to demonstrate the antibody in serum from recen't, infections, he endeavoured to detect the antigen, using the serum of artificially immunized rabbits as antiserum, but without success. Bachman next [5] tried thie intradermal reaction in rabbits and guinea-pigs* using as antigen a suspension of the powdered larvae in Coca's solution. This gave positive results as early as the second day after infection, but some false positives were given by the control injection of Coca's solution, and also by some normal animals after a series of injections. Skin tests in trichinous animals, using Ascaris lumbricoides material as antigen, were negative, showing the absence of a wide group-reaction. Subsequent papers by a number of workers in the U.S.A. and by Maternowska and Trawin'ski in Europe have, as a whole, amply confirmed the value of Bachman's tests and have extended them to man;
As in the Casoni test for hydatid, the intradermal reaction usually displays two phases: an " immediate " reaction characterized by the formation of a papule at the site of injection within a few hours, and a " delayed " reaction taking the form of an erythematous infiltration which is maximal at about twenty-four hours after injection of antigen. There seems general agreement that the immediate reaction is the one more constantly given in Trichinella infections, though Maternowska [31] finds that the delayed reaction is dominant in infections of long standing. Kilduffe [25] found considerable ambiguity in the intradermal test and thought it a less valuable diagnostic aid than the presence of eosinophilia. But Friedlander [20] [30] reported a positive intradermal reaction in 90% of trichinosis cases, the reaction appearing in from two to three weeks after infection.
They considered that false positive reactions might be given in carriers of Trichuris, a zoologically related parasite, and that negative reactions were for that reason more trustworthy than positive. Spink and Augustine [581 consider the intradermal test to be especially valuable in early stages of infectioni, when it is at first negative and then becomes positive, usually by the seventeenth day of infection. Maternowska [31 and 32] reports positive reactions in animals between the 5th and 400th days of infection. Carriers were always positive to Trichinella antigen and negative to Ascaris antigen, and non-carriers were always negative to Trichinella antigen. Trawinski [61] finds the intradermal test specific in pigs, and suggests its use for diagnosing infection before the pig is slaughtered for food. Trawinski [62] also draws attention to the possible use of the precipitin test in pigs at the time of slaughter; it is likely to be more accurate than present methods involving the microscopical search for cysts. Augustine and Theiler [3] reported favourably on its use, in human infections, but found false positives in patients -undergoing quinine treatment for malaria. Bachman, Molina, and Gonzalez [6] found anomalous reactions with human sera in Porto Rico, where infection is almost certainly absent; but they consider that these can be readily differentiated from true precipitation rings. The test has been found specific by Trawinski [61] in pig infections, by Trawinski and Maternowska [63] in rabbit infections, and by Spink and Augustine [58] in human infections. Trawinski finds that the test becomes positive in pigs from the eleventh day of infection, whereas Spink and Augustine give twenty-eight days as the corresponding period in human infections. This discrepancy may be associated with different methods of preparing the antigen, concerning which there is a sharp division of opinion.
The various American workers follow Bachman's method with the modification -that Coca's solution is generally used for diluting the antigen in both intradermal and precipitin tests. Both Trawin'ski and Maternowska prepare their antigen as -follows. Rabbits are experimentally fed with cysts. After about twenty days, before encapsulation has occurred in the rabbit, it is killed and its masseters are exposed to peptic digestion. The larvte are concentrated and repeatedly washed to free them from particles of rabbit muscle; they are then picked out individually, dried, -and extracted with a 1: U00 solution of sodium chloride. Sodium chloride is also used for diluting the antigen. These workers attribute the anomalous results sometimes obtained by American workers to the use of Coca's solution in diluting the antigen. Thus, Spink and Augustine [58] have reported occasional precipitation rings in the control tubes (Coca's solution floating on serum). Trawinski [61] -considers that the phenol in Coca's solution can give rise to precipitation using normal sera. The persistence of both these immune reactions in man, four to nine years after -recovery from trichinosis, has been reported by Theiler, Augustine, and Spink [60] .
The intradermal reaction,-though not severe, was quite characteristic. Precipitation rings could not be demonstrated, but flocculation occurred if the tubes were shaken and stored in the cold overnight. The authors suggest that "fixed" antibodies are produced to a greater extent and show greater persistence than "free " antibodies circulating in the blood. In this somewhat miscellaneous survey an endeavour has been made to build up a picture of parasitism, especially as exemplified by the cestodes. They repeatedly follow the complicated routine of their life-cycle, yet depart from it occasionally in -an attempted adjustment to abnormal circumstances. They display ingenious processes, physical and chemical, for resisting the digestive ferments of the host -and. so gain access from the outside world to the host's tissues or intestinal lumen.
Once there, they adapt themselves to changed conditions (plentiful food but little oxygen) by assuming an anaerobic mode of life. Then the host intervenes, at least n some somatic infections, by elaborating antibodies which protect it from super-infection. So that, in the end, something like equilibrium between the two is achieved. These antibodies, cautiously used, give the clinician a number of valuable diagnostic techniques. The picture is, of course, far from complete even with respect to existing knowledge (it omits particularly the many tissue reactions of the host); and there are extensive areas which cannot yet be filled in. But it is more detailed than would have been possible ten years ago. With further researches into the physiology and immunology of helminthic infections, it is likely that their diagnosis, treatment, and prevention will become increasingly precise and effective.
